Abstract. This paper presents a method for power and energy demand estimation of a vehicle based on data obtained by a GPS device. During the selection process of the GPS device, it is necessary to take the sample rate and speed measurement accuracy into consideration. The power of an electric motor and energy of a battery pack need to be determined during the designing process intended for a conversion of a conventional vehicle to an electric vehicle. Drive requirements can be determined by measuring speed and torque on a drive wheel using a torque meter. Obtained traction profile is used for electrical drive designing purposes. The required power and the energy consumption of the vehicle can be calculated using speed and altitude profile from the measured route and the resistance model of the vehicle. The calculation for the Steyr 15S18 utility vehicle is proposed.
Introduction
An electric drive has different mechanical characteristics (torque vs. speed) in comparison with the traditional internal combustion engine. It is necessary to know a traction characteristic when sizing the electric drive for the purpose of converting a conventional car to an electric car. By using it, an appropriate electric drive (electric motor, inverter, and gearbox) and a battery pack can be selected. The traction characteristic can be determined by measuring angular speed and torque using a torque meter placed on a drive wheel [1] , [2] . The method requires assembly and disassembly of a drive wheel. Therefore, it is complicated and requires expensive measurement equipment. Likewise, there is a possibility to gather data on -line through the CAN communication as it is presented in [3] . The method that uses CAN is only applicable to cars which have an appropriate software installed in their control units. Most frequently, GPS utilization in the vehicles refers to route optimization for energy saving [4] , calculation of wheel's parameters [5] , and an estimation of the vehicle energy consumption [6] . Accelerometers and gyroscopes are sometimes used to determine terrain and vehicle parameters [7] , [8] . This paper presents vehicle speed measurement using a GPS and an estimation of the traction characteristic using resistance coefficients. By using the proposed method, the electric drive system can be sized for an electric vehicle conversion. In addition, it is possible to design the drive system and adapt its requirements to the user regarding the specific route which is used. Utility vehicles, vans, and trucks are often used on the same route. Therefore, it is possible to optimize a drivetrain and a battery pack according to the route (range, maximum road gradient, and vehicle speed).
Vehicle resistances
In order to keep the speed constant or to accelerate a vehicle, a motor needs to overcome forces that are acting on road vehicles. Those forces are as follows: The forces can be calculated using equations (1) to (4):
where m is the mass of a vehicle, g gravitational acceleration, crr rolling resistance coefficient, α slope angle, cd aerodynamic drag coefficient, ρ air density, A front surface of the vehicle and v speed. The amount of power lost with an average personal vehicle as a function of its speed is depicted in Figure 2 .
Figure 2 Overview of losses
The power used by the car is defined by the expression (5):
A GPS device
Commercially available GPS devices (mobile phones, GPS loggers, etc.) have a GPS module which receives data of the current vehicle location with the frequency of 1 Hz. From the distance set points, the GPS calculates speed as distance traveled over a time interval. The measured speed profile of the heavy utility vehicle STEYR is depicted in Figure 3 . The GPS device has the ability to give altitude values based on geolocation. An altitude profile of the route is given in Figure 4 . As a result of relatively low sample rate and sharp signal changes, it is necessary to process data further in order to reduce the noise. In the further research, it is highly recommended to use a GPS device with the sample rate of 20 Hz. The 20 Hz GPS device uses Doppler effect to measure the speed of the vehicle [9] . That would make the vehicle speed measurement more accurate [10] . A comparison of measured data using both a 1 Hz and 20 Hz GPS ( Figure 5 ) shows that the 20 Hz GPS device is more accurate in capturing vehicle dynamics. 
The calculation example of electric drive requirements for a heavy utility vehicle
The calculation of a power profile, speed, and traction characteristic is presented in this chapter. Vehicle speed and the altitude profile have been measured by the GPS device with the sample rate of 1 Hz. It is possible to obtain vehicle acceleration and the road gradient by using vehicle speed and the altitude profile. The speed signal ( Figure 3 ) needs to be filtered and averaged. The GARMIN OREGON 450 GPS device has been used. The GPS device receives data with a frequency of 1 Hz.
Technical specifications of the heavy utility vehicle Steyr 15S18 are given in Table I . By replacing resistance coefficients in the vehicle model with values from Table I , required power can be calculated using vehicle speed as an input for expression (5) . As a result of unavailable official data from the manufacturer, air and rolling resistance coefficients are obtained from the known experimental values. It can be seen in Figure 6 that the peak power (approximately 125 kW) of the vehicle is measured at the 50 km mark. The peak power is a result of a relatively high slope (maximum slope of 7%) and high speed (50 km/h). Compared to the required power for traveling 60 km/h on a flat road surface, which is approximately 33 kW (given in Table II) , it is significantly larger.
Figure 6 Calculated required power of the vehicle for the traveled route
Likewise, by using analytical calculations, drive characteristics are determined considering maximum speed requirement and slope of the ramp (Table II and Table III) The maximum vehicle load represents climbing to the landfill when the vehicle needs to overcome an ascent with an average road gradient of 6% and average speed of 50 km/h. The total efficiency of the system ηs = 65% was assumed. Calculated energy demand for the travel route, as well as the altitude profile, are shown in Figure 7 . As a backup, the total energy in the battery pack is increased by 20% and equals to 104 kWh. An auxiliary energy of 18 kWh is added as an approximation of the vehicle auxiliary onboard systems (6 kW times 3 hours of constant operation). The slope of the energy curve is positive when the vehicle is draining energy from the battery pack, and negative when the regenerative braking is feeding energy to the battery pack. The route is depicted in Figure 8 . Calculated data offer an opportunity to size the electric drive further, respectively choose an electric motor, inverter, gearbox and battery pack for the vehicle. It is necessary to have more accurate data about the vehicle resistance coefficients in order to get more accurate power calculation. Moreover, assumed aerodynamic drag, as well as rolling resistance, should be directly measured. According to that, further research and effort to identify vehicle resistances are being suggested. 
Conclusion
The proposed estimation method of the vehicle's traction characteristic by using GPS device allows power and energy estimation for the particular route. The method can be applied to all road vehicles. It does not require additional mechanical adaptation of the vehicle. Measurement can be performed by mounting a GPS device. To improve the method, a GPS device with a better sample rate and measurement of the road gradient using a gyroscope as well as vehicle acceleration measurement using an accelerometer should be used. Power and torque calculation can be used to size an electric drivetrain and it represents a plan for the further research. Moreover, in the future work, measuring system should be developed.
